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allow shifting to an available gear that utilizes the faulted
clutch. If there 1s a short-to-ground or open circuit fault then
the transmission will latch the current gear or shift to a

predetermined gear that does not utilize a faulted clutch.
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DEFAULT MODES OF A TRANSMISSION
UTILIZING ELECTRO-HYDRAULIC
CLUTCHES

TECHNICAL FIELD

This invention relates generally to a control system for
use 1n a transmission having electro-hydraulically actuated
clutches and more particularly to a system to engage speciiic
clectro-hydraulically actuated clutches in an event of a fault
condition.

BACKGROUND ART

In some machines used today, 1t 1s beneficial to keep the
fransmission in a predetermined gear 1n the event of an
clectrical malfunction or power failure. It 1s known to
proportionally control the engagement of hydraulically actu-
ated clutches by directing an electrical signal from a micro-
processor to an electro-hydraulic proportional valve. Various
other arrangements are known which use hydraulic valves in
combination with electrically controlled solenoids to main-
tain fluid actuators in their engaged position 1n the event of
an electrical system failure. Many of these known arrange-
ments are complicated and use many different components
and/or specialized components. It 1s desirable to provide a
system that 1s simple 1n construction and effective to main-
tain a machine in a predetermined gear in the event there 1s
an electrical malfunction or failure 1n the electrical system.

The present invention 1s directed to overcoming one or
more of the problems as set forth above.

DISCLOSURE OF THE INVENTION

On one aspect of the present invention, in machines
having electro-hydraulic transmission controls, it 1s desir-
able to ensure that 1n the event of an electrical malfunction
or power failure the transmission responds appropriately. In
the subject 1nvention, a system 1s provided utilizing a
transmission, which 1n the event of a clutch solenoid short-
to-battery fault keeps the machine 1 a gear that utilizes a
faulted clutch. If there 1s a short-to-ground or open circuit
clutch solenoid fault then the transmission will attempt to
latch the current gear or will shift to a predetermined gear
that does not utilize a faulted clutch. In some cases, the
selected gear may be neutral to prevent large downshiits.

In another aspect of the present mmvention, 1n machines
having electro-hydraulic transmission controls, it 1s desir-
able to ensure that 1n the event of an electrical malfunction
or power failure the transmission responds appropriately. In
the subject invention, a method 1s provided utilizing a
transmission, which 1n the event of a clutch solenoid short-
to-battery fault keeps the machine 1n a gear that utilizes a
faulted clutch. If there 1s a short-to-ground or open circuit
clutch solenoid fault then the transmission will attempt to
latch the current gear or will shift to a predetermined gear
that does not utilize a faulted clutch. In some cases, the
selected gear may be neutral to prevent large downshaifts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial diagrammatic and partial schematic
representation of a control system for a transmission 1ncor-
porating an embodiment of the present invention;

FIG. 2 1s a block diagram illustrating an embodiment of
a hydraulic system for fluid actuated clutches;

FIG. 3 1s a flowchart illustrating software for default
modes during a short-to-battery fault affecting a solenoid
control valve;
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FIG. 4 1s a flowchart illustrating software for default
modes during a short-to-ground or open circuit fault atfect-
ing a solenoid control valve;

FIG. 5 1s a flowchart 1llustrating a subroutine that forms
program step <230>, as shown in FIG. 4;

FIG. 6 1s a flowchart 1llustrating a subroutine that forms
program step <280>, as shown in FIG.4;

FIG. 7 1s a flowchart illustrating software for operating
conditions during a removal of a short-to-ground or open
circuit fault affecting a solenoid control valve;

FIG. 8 1s a state diagram illustrating appropriate gear
engagement during a short-to-ground or open circuit fault

affecting a solenoid control valve 30A that controls clutch
42A;

FIG. 9 1s a state diagram illustrating appropriate gear
engagement during a short-to-ground or open circuit fault
affecting a solenoid control valve 30B that controls clutch

42B;

FIG. 10 1s a state diagram 1llustrating appropriate gear
engagement during a short-to-ground or open circuit fault
affecting a solenoid control valve 30C that controls clutch

42C;

FIG. 11 1s a state diagram illustrating appropriate gear
engagement during a short-to-ground or open circuit fault
alfecting a solenoid control valve 30D that controls clutch

42D; and

FIG. 12 1s a state diagram 1llustrating appropriate gear
engagement during a short-to-ground or open circuit fault
affecting a solenoid control valve 30E that controls clutch

42F.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to the drawings, FIG. 1 illustrates an
clectronic control system of a power train 10 that includes an
internal combustion engine 12, a fluidic torque converter 14,
a multi-speed fluid operated power transmission 16, and a
machine 18. The engine 12 1s connected to the torque
converter 14 by a first shaft 20, the torque converter 14 is
connected to the transmission 16 by a second shaft 22, and
the transmission 16 1s connected to the machine 18 by a third
shaft 24. The shafts 20, 22, and 24 can be eliminated with the
combustion engine 12, the fluidic torque converter 14, and
the multi-speed fluid operated power transmission 16 being
directly connected together.

The control portion of the drivetrain will now be dis-
cussed. An operator produces a desired shift by means of an
operator shift handle 26 actualized by software 1n automatic
mode based on machine operation. In automatic mode, the
software will determine when to upshift or downshift. An
clectronic control module 28 receives the gear selection
signal and then controls the operation of an appropriate one
of a plurality of a set of solenoid control valves 30 identified
as “A”, “B”, “C”, “D”, and “E”, respectively. The gear
selector 1s one of the many inputs to the electronic control
module which then determines the appropriate gear under
the circumstances. The transmission 16 will enter the appro-
priate gear by selectively controlling solenoid control valves
30A through 30E. The electronic control system also
receives various other inputs representing machine system
parameters. These other inputs include an engine speed
signal from an engine speed sensor 32 and a transmission
mput signal from a transmission iput speed sensor 34.
There 1s also a transmission intermediate speed sensor 36
and a pair of transmission output speed sensors 38 and 40,
respectively.
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The engine speed sensor 32, transmission input speed
sensor 34, transmission intermediate speed sensor 36, and
fransmission output sensors 38, 40 are conventional electri-
cal transducers, preferably magnetic speed pickups but
could include a wide variety of either active and passive
speed-type sensing elements such as torque sensors,
accelerometers, among others.

The electronic control module 28 delivers a clutch com-
mand signal that 1s proportional to the desired current
needed to operate the selected solenoid control valve 30A
through 30E. In the preferred embodiment, the current driver
utilizes a pulse width modulated voltage to produce the
desired current.

Referring now to FIG. 2, a block diagram of a hydraulic
clutch system for the transmission 16 1s shown. The solenoid
control valves 30A through 30E are configured to maintain
a communication of o1l to a respective one of a plurality of
a set of clutches 42, identified as “A”, “B”, “C”, “D”, and
“E”, respectively, that 1s sufficient to maintain a clutch
pressure that 1s proportional to the solenoid current.
Therefore, the electronic control module 28 controls the
clutch pressure by means of a proportional command signal
provided to the selected solenoid control valve 30A through

30E.

Gearshifts are accomplished by selectively engaging and
disengaging combinations of the clutches. The clutches are
actuated by hydraulic pressure and upon engagement,
require fill time before torque i1s transmitted through an
engaging clutch. That 1s, the fill time 1s the elapsed time that
the clutch piston moves from the released to the engaged
position. The clutches are selectively engaged and disen-
cgaged by the solenoid operated proportional pressure control

valves 30A through 30E.

The hydraulic circuit of the transmission includes a posi-
tive displacement pump 44 that supplies pressurized hydrau-
lic fluid from the sump or reservoir 46 to the clutches 42A
through 42E through the control valves 30A through 30E.
Moreover, a relief valve 48 may be added to regulate the
valve supply pressure. The electronic control module 28
may also receive a transmission o1l temperature signal from
a transmission o1l temperature sensor 50. There 1s a latching
solenoid 41 that when activated operates to delatch any
engaged clutches 30A-30E. The gears in this transmission
16 arc generally indicated by numeral 43 1n the 1llustrative,
but nonlimiting, configuration of a planetary gear assembly.

The following table illustrates an example of the speed
ratios or gears obtainable in the subject transmission 16.

TABLE 1

GEAR CLUTCHES ENGAGED

42F
42C, 42F
42A, 42F
42A, 42D
42A, 42C
42A, 42B
42B, 42C
42B, 42D

SNh B WD =

A normal neutral 1s defined when clutch 42E 1s the

remaining clutch that 1s engaged, and a wrong clutch neutral
1s defined when another clutch 1s engaged 42A—42D.

There are three basic types of electrical failure that can
occur with regard to the solenoid control valves 30A through
30E. This includes short to battery, short to ground, and open
circuit fault conditions.
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The first failure condition to evaluate 1s when there 1s a
short-to-battery fault associated with the solenoid control
valve 30A—30E. When there 1s a short-to-battery fault for an
individual solenoid control valve 30A-30E, the associated
faulted clutch 42A—42FE will be engaged and not be allowed
to disengage, which allows the shifting to an available gear
that includes the faulted clutch to prevent three clutches
being engaged, which 1s a condition called “tie-up”. The
default condition detecting software will now be discussed
with reference to FIGS. 3—6 which depict flowcharts repre-
sentative of the computer program instructions executed by
the electronic control module 28 shown in FIG. 1. A pro-
crammer skilled in the art could utilize these tlowcharts to
program any of a wide variety of electronic controllers/
computers 1n a wide variety of programming languages. In
the description of the flowcharts, the functional explanation
marked with numerals 1n angle brackets, <nnn>, will refer to
the flowchart blocks bearing that number.

As shown 1n FIG. 3, the program first determines whether
a short-to-battery fault 1s indicated <100>. The next step 1s
to disengage the lock-up clutch <110>. This 1s followed by
a determination of whether the faulted clutch 42A—42E 1s
engaged <120>. If the answer 1s negative, the transmission
12 will shift to a new gear utilizing a predetermined avail-
ability analysis based on the current gear, the faulted clutch
42A—42E, and the engine speed from the engine speed
sensor 32, as shown 1 FIG. 1 <130>. If the faulted clutch 1s
engaged, then shifting i1s allowed to any available gear
<140>. After the transmission 12 has shifted, a warning 1s
provided to the operator <150>. In some cases, if the
transmission 16 output speed 1s too high to make a
downshift, the transmission will go to a neutral state. If the
fransmission output speed 1s 1in an available gear range, the
transmission 16 will shift to that gear 1f that gear includes the
faulted clutch.

Once the fault 1s removed, the electronic control module
will wait a few seconds, preferably 2.3 seconds, to resume
normal operation and allow the lock-up clutch to engage.

The default gear set for a short to battery fault for a
solenoid control valve 30A—30E can be found on the fol-

lowing two tables:

TABLE 2
FAILURE MODE
SHORT TO
BATTERY R N GEAR 1 GEAR 2
Clutch 1 WUCN WCN (GGear 1 (year 2
Clutch 2 WUCN WCN (Gear 4 Gear 4
Clutch 3 Reverse WOCN (gear 3 Gear 3
Clutch 4 WUCN WCN (Gear 2 (GGear 2
Clutch 5 Reverse Neutral Gear 1 ES < 1324 Gear 1
or Neutral
TABLE 3
FAILURE
MODE
SHORT TO
BATTERY GEAR 3 GEAR 4 GEAR 5 GEAR 6
Clutch 1 Gear 3 Gear 4 ES < 1796 ES < 1521
for for
Gear 4 Gear 4
or or
WOCN WUCN
Clutch 2 Gear 4 Gear 4 Gear 5 Gear 6
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TABLE 3-continued

FAILURE
MODE
SHORT TO
BATTERY GEAR 3 GEAR 4 GEAR 5 GEAR 6
Clutch 3 Gear 3 ES < 1634 Gear 5 ES « 2117
for for
Gear 3 Gear 3
or or
Gear 5 WOCN
Clutch 4 ES <« 1642 (GGear 6 Gear 6 Gear 6
for Gear 2
or
(gear 6
Clutch 5 Neutral Neutral Neutral Neutral

WOCN = Wrong Clutch Neutral and
ES = Engine Speed in revolutions per minute

There are other two types of fault conditions regarding the
solenoid control valves 30A-30E that include short-to-

cround and open circuit conditions. Both of these fault
conditions will result 1n the release of an engaged clutch and
a non-engaged clutch will not be allowed to engage. In
addition, once a short-to-ground or open circuit fault 1s

detected, the lock-up clutch will be disengaged.

As shown 1n FIG. 4, the program first determines whether
a short-to-ground or open circuit fault 1s present <200>. The
next step 1s to disengage the lock-up clutch <210>. This 1s
followed by a determination of whether the faulted clutch
42A—42E 1s engaged <220>. If the answer 1s negative, the
transmission 12 will allow shifting to any available gear
<290>and then a warning will be provided to the operator

<300>.

If the faulted clutch 1s currently engaged, then there waill
be an attempt to latch the current gear <230>through a
subroutine that 1s detailed 1n FIG. 5. A determination 1s then
made to see 1f the transmission 12 i1s latched 1n gear <260>.
If the answer 1s positive, then the transmission 16 will hold
the current latched gear <272>. The transmission will
attempt to shift to an available gear <276>1f conditions are
correct. The electronic control module 28 will delatch cur-
rently engaged clutches to allow shifting to an available gear
<280>. If conditions are incorrect, the current gear will
remain latched <272>. Once the transmission 12 has shifted
to an available gear <280>, then shifting 1s allowed to any
other available gear with this range that does not include the

faulted clutch <290>and a warning 1s provided to the opera-
tor <300>.

If the determination to see 1f the transmission 12 1s latched
in gear <260>1s negative, shifting to a new gear based on
predetermined availability will occur <270>. Once the trans-
mission 12 has shifted to this new gear, then the transmission
12 will allow shifting to any other available gear <290>.
Once again, a warning will be provided to the operator

<300>.

The subroutine that details the step of attempting to latch
the current gear <230>1s shown 1n FIG. §. The first step 1s
to disengage the latching solenoid 41 <232>. The transmis-
sion 1put speed and transmission output speed are then
analyzed to determine if they fall within predetermined
boundaries <234>. These predetermined boundaries depend
on the type of machine 18 and associated transmission 16.
If transmission 1nput speed and transmission output speed
fail to fall between the prescribed predetermined boundaries,
the program will keep looping a predetermined number of
loops <240, preferably 75 loops depending on the machine.
If the predetermined number of loops 1s completed and the
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transmission 1nput speed and transmission output speed are
still not within the predetermined boundaries, the electronic
control module 28 will determine that the transmission 16 1s

not latched <242>.

If the transmission mnput and transmission output speeds
fall with the predetermined boundaries <234>, then a com-
putation of the ratio of the transmission output speed divided
by the transmission 1nput speed 1s calculated <236>and then
a determination of a valid gear 1s made <238>. The next step
1s a determination if the transmission intermediate speed 1s
within predetermined boundaries <244>. If the response 1s
negative and the transmission 16 1s not within a valid gear
within a predetermined number of loops <252>, then the
program will return to the previously described loop mnvolv-
ing step <234>that determines whether or not the transmis-
sion mput speed and transmission output speed are within
predetermined boundaries and attempts to latch within a
predetermined number of loops <240>.

However, 1f the transmission intermediate speed 1s within
the predetermined boundaries <244>, then a computation of
the ratio of the transmission intermediate speed divided by
the transmission input speed 1s developed <246>and a
determination of a valid gear 1s made based on this mfor-
mation <248>. If the previous determination of a valid gear
made 1n step <238>agrees with this determination <248>as
shown 1n step <250>, then the transmission 16 will attempt
to latch 1nto gear within a predetermined number of loops
<252>and if positive will latch the transmission 16 1n gear
<254>. If the response 1s negative and the determination of
the valid gear in steps <250>and <238>, respectively do not
agree, then the program will return to the previously
described loop 1nvolving step <234>that determines whether
or not the transmission nput speed and transmission output
speed are within predetermined boundaries and an attempt to

latch within a predetermined number of loops will occur
<240>.

The subroutine associated with the step to delatch current
clutches to allow shifting to an available gear <280>detailed
in FIG. 4 1s shown 1n FIG. 6. The first step 1s to engage the
latching solenoid 41 <300>. If the latch pressure 1s over a
predetermined value, preferably 200 pounds per square 1nch
for a predetermined number of loops <320>, shifting is
allowed to any available gear <290>. Step <290>1s also
shown 1n FIG. 4. If the latch pressure 1s not over a prede-
termined value for a predetermined number of loops, then a
latching fault warning 1s provided to the operator <330>and
all gear shifting 1s inhibited <340>. The program will than
loop through step <320>until the latch pressure i1s higher
than the predetermined value.

Referring now to FIG. 7, when the open circuit or
short-to-ground fault 1s removed <350>, a predetermined
wailting period occurs <360>, preferably 2.3 seconds
depending on machine type and associated transmission 16.
A determination 1s then made as to whether the transmission
16 1s latched 1in gear <370>. If the answer 1s yes, the current
clutches are delatched <380>and then there 1s a shift to a
new gear based on the transmission output speed and the
predetermined availability with the lock-up clutch enabled
<390>. If the answer 1s no, then the program goes directly
to the step of shifting to a new gear based on transmission

output speed and predetermined availability with the lock-up
clutch enabled <390>.

FIGS. 8—12 are state diagrams representing the condition

when there 1s either a short-to-ground or open circuit fault
with regard to the solenoids 30A-30E associated with
clutches 42A—42E, respectively. The state diagram includes
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the actual gears including reverse 400, neutral 410, first gear
420, second gear 430, third gear 440, fourth gear 450, fifth

ogear 460, and sixth gear 470. When a short-to-ground or
open circuit fault occurs, the diagrams illustrate how the
machine 18 will either go mto a latched or fault state for that
particular gear. The state diagrams also include gears with a

fault present including reverse 500, neutral 510, first gear
520, second gear 530, third gear 540, fourth gear 550, fifth
ogear 560, and sixth gear 570. The state diagrams also 1include
ogears that are latched including first gear 600, second gear
610, third gear 620, fourth gear 630, fifth gear 640, and sixth
oear 650. FIG. 8 1s the state diagram associated with
short-to-ground or open circuit fault associated with sole-
noid 30A that affects clutch 42A. FIG. 9 1s the state diagram
associated with short-to-ground or open circuit fault asso-
cilated with solenoid 30B that affects clutch 42B. FIG. 10 1s
the state diagram associated with short-to-ground or open
circuit fault associated with solenoid 30C that affects clutch
42C. FIG. 11 1s the state diagram associated with short-to-
oground or open circuit fault associated with solenoid 30D
that affects clutch 42D. FIG. 12 1s the state diagram asso-
ciated with short-to-ground or open circuit fault associated
with solenoid 30E that affects clutch 42E. Upon either a
short-to-ground or open circuit fault, the transmission 16
will either latch the current gear or shift to a predetermined
gear or stay 1n the current gear without latching. These state
diagrams, FIGS. 8—12 will be different for each transmission
conflguration.

The default gear set for a short-to-ground or open circuit
fault for a solenoid control valve 30A—30E can be found on
the following two tables:

TABLE 4
FAILURE MODE
SHORT TO
GROUND OR
OPEN CIRCUIT R N GEAR 1 GEAR 2
Clutch 1 Reverse Neutral Latch Latch
Gear 5 Gear 5
Clutch 2 Reverse Neuftral Gear 1 Gear 2
Clutch 3 Neutral Neutral Gear 1 Gear 2
Clutch 4 Reverse Neuftral Gear 1 Latch
ES <« 1324
Gear 1
or
(Gear 3
Clutch 5 N N Latch Gear 2
(Gear 2
TABLE 5
FAILURE MODE
SHORT TO
GROUND OR
OPEN CIRCUIT GEAR 3 GEAR 4 GEAR S GEAR 6
Clutch 1 Latch Latch Gear 5 Gear 6
Gear 5 Gear 5
Clutch 2 Gear 3 Latch Latch Latch
ES <« 1642 ES « 1174 ES <« 994
for for for
(gear 2 (gear 3 (gear 3
or or or
Gear 4 Neutral Neutral
Clutch 3 Latch Gear 4 Latch Gear 6
ES < 1642 ES < 1796
for Gear 2 for
or Gear 4 or
Gear 4 (ear 6
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TABLE 5-continued

FAILURE MODE

SHORT TO
GROUND OR
OPEN CIRCUIT GEAR 3 GEAR 4 GEAR 5 GEAR 6
Clutch 4 Gear 3 Gear 4 Gear 5 Latch
ES < 2117
for
Gear 5
or
Neutral
Clutch 5 Gear 3 Gear 4 Gear 5 Gear 6

N = Neutral and ES = Engine Speed

Industrial Applicability

The present invention 1s advantageously applicable 1n
controlling the shifting of a clutch utilized 1in conjunction
with a torque converter, typically, but not limited to, con-
struction machines such as motor graders, off-highway
trucks, wheel loaders, bulldozers, and the like. The follow-
ing description 1s only for the purposes of 1llustration and is
not intended to limit the present invention as such. It will be
recognizable, by those skilled 1n the art, that the present
invention 1s suitable for a plurality of other applications.

If there 1s a short-to-battery fault for the solenoid control
valves 30A—-30E that 1s directly engaged to a corresponding
clutch 42A—42E, then the lock-up clutch 1s disengaged and
the transmission 16 will allow shifting to a gear based on
predetermined availability. If there 1s a short-to-battery fault
for the solenoid control valves 30A—30FE that 1s not directly
engaged to a corresponding clutch 42A—42E, then the lock-
up clutch 1s disengaged and the electronic control module 28
will shift the transmission 16 based on the current gear,
faulted clutch, and engine speed.

If there 1s a short-to-ground or open circuit fault for the
solenoid control valves 30A—30E that 1s directly engaged to
a corresponding clutch 42A—42FE, then the lock-up clutch 1s
disengaged and the transmission 16 will attempt to latch the
current gear unless in reverse or neutral. If there 1s a
short-to-ground or open circuit fault for the solenoid control
valves 30A—30E that 1s not directly engaged to a corre-
sponding clutch 42A—42E, then the lock-up clutch 1s disen-
caged and any gear that utilizes a faulted clutch 42A—42E 1s
unavailable. It the electronic control module 28 determines
that the transmission has not latched into gear the electronic
control module 28 will shift to a new gear based on the
current gear, clutch faulted, and engine speed. The trans-
mission 16 will allow shifting to gears that do not include the
faulted clutch 42A—42E. If the transmission 16 1s latched
into gear, then shifting 1s enabled to any available gear and
if the transmission output speed and a new gear 1s available,
the shifting 1s allowed as long as the electronic control
module 28 delatches the currently latched clutches
42A—42FE.

In view of the foregoing, it 1s readily apparent that the
subject default modes of a transmission of a transmission
utilizing electo-hydraulic clutches selectively provides a
hiech quality means of controlling the engagement of a
plurality of fluid actuated clutches 1n a fault condition.

Other aspects, objects and advantages of the 1nvention can
be obtained from a study of the drawings, the disclosure and
the appended claims.

What 1s claimed 1s:

1. A system for detecting default conditions for a plurality
of fluud actuated clutches associated with a transmission
having a plurality of gears comprising:

a plurality of fluid actuated clutches each of which 1s

operatively connected 1n a one-to-one correspondence
to a plurality of control valves;




US 6,223,113 B1

9

at least one 1nput mechanism that generates a signal
indicating a short-to-battery fault condition for at least
one of said plurality of control valves and a value for
speed of an engine drive; and

an electronic controller for detecting said signal indicating
a short-to-battery fault condition for at least one of said
plurality of control valves and shifting to a predeter-
mined gear that 1s utilized by of said fluid actuated
clutches that are 1 one-to-one correspondence with
said at least one of said plurality of control valves
having said short-to-battery fault condition, wherein
said predetermined gear 1s based on a current gear, said
speed of an engine drive, and said least one of said
plurality of clutches having said short-to-battery con-
dition.

2. A system for detecting default conditions for a plurality
of fluid actuated clutches associated with a transmission
having a plurality of gears comprising:

a plurality of fluid actuated clutches each of which 1is

operatively connected 1n a one-to-one correspondence
to a plurality of control valves;

at least one input mechanism that generates a signal
indicating a short circuit-to-ground fault condition for
at least one of said plurality of control valves and a
signal indicating a speed of an engine drive; and

an electronic controller for detecting said signal indicating
a short circuit-to-ground fault condition for at least one
of said plurality of control valves and disengaging said
fluid actuated clutches that are 1n one-to-one
correspondence, and shifting to a predetermined gear
that 1s not utilized by at least one of said plurality of
clutches 1n one-to-one correspondence with said at least
one of said plurality of control valves having said short
circuit-to-ground fault condition, wherein said prede-
termined gear 1s based on a current gear, said speed of
an engine drive, and said least one of said plurality of
clutches having said short circuit-to-ground condition.
3. The system of claim 2, wherein said input mechanism
also generates a signal, including a value for speed of an
engine drive, wherein said transmission will allow shifting
to a predetermined gear that 1s not utilized by at least one of
said plurality of clutches in one-to-one correspondence with
said at least one of said plurality of control valves having
said short circuit-to-ground fault condition wherein said
predetermined gear 1s based on a current gear, said speed of
an engine drive, and said least one of said plurality of
clutches having said short circuit-to-ground condition.
4. A system for detecting default conditions for a plurality
of fluid actuated clutches associated with a transmission
having a plurality of gears comprising;:

a plurality of fluid actuated clutches each of which 1is
operatively connected 1n a one-to-one correspondence
to a plurality of control valves;

at least one 1nput mechanism that generates a signal
indicating an open circuit fault condition for at least
onec of said plurality of control valves and a signal
indicating a speed of an engine drive; and

an electronic controller for detecting said signal indicating
an open circuit fault condition for at least one of said
plurality of control valves and disengaging said fluid
actuated clutches that are 1n one-to-one
correspondence, and shifting to a predetermined gear
that 1s not utilized by at least one of said plurality of
clutches 1n one-to-one correspondence with said at least
one of said plurality of control valves having said open
circuit fault condition wherein said predetermined gear
1s based on a current gear, said speed of an engine drive,
and said least one of said plurality of clutches having
said open circuit condition.

10

5. A process for detecting default conditions for a plurality
of fluud actuated clutches each of which i1s operatively
connected 1n a one-to-one correspondence to a plurality of
control valves associated with a transmission having a

< plurality of gears comprising the steps of:
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generating a signal indicating a short-to-battery fault
condition for at least one of said plurality of control
valves;

generating a signal, mcluding a value for speed of an
engine drive;
detecting said short-to-battery fault condition signal for at

least one of said plurality of control valves with an
electronic controller;

maintaining engagement of said fluid actuated clutches,
with said electronic controller, that are 1n one-to-one
correspondence with said plurality of control valves
having said short-to-battery fault condition; and

shifting to a predetermined gear that 1s utilized by at least
one of said plurality of clutches in one-to-one corre-
spondence with at least one of said plurality of control
valves having said short-to-battery fault condition,
wherein said predetermined gear 1s based on a current
gear, sald speed of an engine drive, and said least one
of said plurality of clutches having said short-to-battery
fault condition.

6. A process for detecting default conditions for a plurality
of fluud actuated clutches each of which i1s operatively
connected 1n a one-to-one correspondence to a plurality of
control valves associated with a transmission having a
plurality of gears comprising the steps of:

generating a signal indicating a short circuit-to-ground
fault condition for at least one of said plurality of
control valves;

generating a signal, mcluding a value for speed of an
engine drive;
detecting said short circuit-to-ground fault condition sig-

nal for at least one of said plurality of control valves
with an electronic controller;

disengaging said fluid actuated clutches, with said elec-
tronic controller, that are 1n one-to-one correspondence
with said plurality of control valves having said short
circuit-to-ground fault condition; and

shifting to a predetermined gear that 1s not utilized by at
least one of said plurality of clutches in one-to-one
correspondence with at least one of said plurality of
control valves having said short circuit-to-ground fault
condition.

7. A process for detecting default conditions for a plurality
of fluud actuated clutches each of which 1s operatively
connected 1n a one-to-one correspondence to a plurality of
control valves associated with a transmission having a
plurality of gears comprising the steps of:

generating a signal indicating an open circuit condition
for at least one of said plurality of control valves;

generating a signal, mcluding a value for speed of an
engine drive;
detecting said open circuit fault condition signal for at

least one of said plurality of control valves with an
electronic controller;

disengaging said fluid actuated clutches, with said elec-
tronic controller, that are 1n one-to-one correspondence
with said plurality of control valves having said open
circuit fault condition; and

shifting to a predetermined gear that 1s not utilized by at
least one of said plurality of clutches in one-to-one
correspondence with at least one of said plurality of
control valves having said open circuit fault condition.
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